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The NASA STI Program Office . . . in Profile

Since its founding, NASA has been dedicated to
the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key part
in helping NASA maintain this important role.

The NASA STI Program Office is operated by
Langley Research Center, the Lead Center for
NASA’s scientific and technical information. The
NASA STI Program Office provides access to the
NASA STI Database, the largest collection of
aeronautical and space science STI in the world.
The Program Office is also NASA’s institutional
mechanism for disseminating the results of its
research and development activities. These results
are published by NASA in the NASA STI Report
Series, which includes the following report types:

• TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results of
NASA programs and include extensive data
or theoretical analysis. Includes compilations
of significant scientific and technical data and
information deemed to be of continuing
reference value. NASA’s counterpart of peer-
reviewed formal professional papers but
has less stringent limitations on manuscript
length and extent of graphic presentations.

• TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or
of specialized interest, e.g., quick release
reports, working papers, and bibliographies
that contain minimal annotation. Does not
contain extensive analysis.

• CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

• CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or cosponsored by
NASA.

• SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

• TECHNICAL TRANSLATION. English-
language translations of foreign scientific
and technical material pertinent to NASA’s
mission.

Specialized services that complement the STI
Program Office’s diverse offerings include
creating custom thesauri, building customized
data bases, organizing and publishing research
results . . . even providing videos.

For more information about the NASA STI
Program Office, see the following:

• Access the NASA STI Program Home Page
at http://www.sti.nasa.gov

• E-mail your question via the Internet to
help@sti.nasa.gov

• Fax your question to the NASA Access
Help Desk at (301) 621-0134

• Telephone the NASA Access Help Desk at
(301) 621-0390

• Write to:
           NASA Access Help Desk
           NASA Center for AeroSpace Information
           7121 Standard Drive
           Hanover, MD 21076
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TL�?|t Lu |�i u@Ui }i@h |LL|� t�hu@Ui� ì hi4�?_ |�i hi@_ih |�@| @| @ t�hu@Ui t�?}�*@h TL�?|c

|�i t�hu@Ui ?Lh4@* MiUL4it i^�@* |L 3ihL dSoc d.o� W| �@t ThLTLti_ @?_ ThL�i? �? |�i �Lh!t

dSo @?_ d.oc |�@| t�?}�*@h TL�?|t L? |�i }i?ih@|i_ t�hu@Ui P2 @TTi@h �u |�i uL**L��?} �iU|Lh

i^�@|�L? �t LMtih�i_

�o
Er� n �Er2� ' f E2D�

OihiG �o
Er� �t |�i �i*LU�|) Lu |�i UL?|@U| TL�?| L? }i?ih@|�?} t�hu@Ui Pr( �

Er2� �t |�i hi*@|��i

�i*LU�|) Lu |�i TL�?| Lu |@?}i?U) Lu t�hu@Ui Pr ��|� hitTiU| |L |�i u@Ui }i@h |LL|� t�hu@Ui

P2�

A�i _�gihi?|�@|i_ i^�@|�L? Lu 4it��?}

Ys

Y�r

_�r
_|

n
Ys

Yw&r

_w&r
_|

n
Ys

Y�r

_�r

_|
' f E2S�

@?_ �iU|Lht i^�@|�L? E2D� hiThiti?| @ t)t|i4 Lu uL�h *�?i@h i^�@|�L?t �? |ih4t Lu |�L �?�

!?L�?tG
_�r
_|

@?_
_w&r
_|

UL?t�_ih�?}
_�r

_|
@t U�Lti?� A�i t)t|i4 �@t @ Uih|@�? tL*�|�L? uLh |�i

�?!?L�?t �u |�i 4@|h� 

� '

5
9997

Yhr
Y�r

Yhr
Yw&r

��Er2�r

Ysr
Y�r

Ysr
Yw&r

�Ysr
Y�r

_�r

_|

6
:::8 E2.�

�@t |�i h@?! o ' 2�

A��t )�i*_t |�@| uL�h _i|ih4�?@?|t Lu |�i |��h_ Lh_ih @hi i^�@* |L 3ihL� A�i �?�it|�}@|�L?

t�L�t |�@| |�i i^�@*�|) Lu |�L Lu |�i4 |L 3ihL �t i^���@*i?| |L |�i i �t|i?Ui Lu |�i i^�@|�L?

Lu 4it��?} }��i? M) i^�@|�L? E22�� A�ihiuLhic �| �t ?iUitt@h) |L �ti L?i Lu |�i uL**L��?} |�L

i^�@|�L?t

�DNASA/CR      2000-209909



{� '

�������������

Y%r
Y�r

Y%r
Yw&r

�Er2�%r

Y5r
Y�r

Y5r
Yw&r

�Er2�5r

s�r sw&r s�r
_�r

_|

�������������
' f E2H�

{2 '

�������������

Y+r
Y�r

Y+r
Yw&r

�Er2�+r

Y5r
Y�r

Y5r
Yw&r

�Er2�5r

s�r sw&r s�r
_�r

_|

�������������
' f E2b�

Oihi s�rc sw&r c @?_ s�r @hi |�i T@h|�@* _ih��@|��it Lu |�i i^�@|�L? Lu 4it��?} |@!i? ��|�

hitTiU| |L �rc w&rc @?_ �rc hitTiU|��i*)� %rc +rc @?_ 5r @hi |�i ULLh_�?@|it Lu @ TL�?| Lu |�i

t�@Tih t�hu@Ui Pr �? ULLh_�?@|i t)t|i4 7r( E�
Er2�
%r c �Er2�+r c �Er2�5r � @hi |�i UL4TL?i?|t Lu |�i

hi*@|��i �i*LU�|) �? |�i t@4i ULLh_�?@|i t)t|i4�

�?) Lu |�i UL�T*i Lu i^�@|�L?t E2H� @?_ E2b� U@? Mi �ti_c @?_ EuLh i @4T*i� i^�@|�L?

E2H� )�i*_t |�i uL**L��?} hi*@|�L?

8 E�rc w&rc �r� '
Y%r
Y�r

E
Y5r
Yw&r

s�r � �Er2�5r sw&r��
Y%r
Yw&r

E
Y5r
Y�r

s�r � �Er2�5r s�r�

n�Er2�%r E
Y5r
Y�r

sw&r �
Y5r
Yw&r

s�r� ' f
E�f�

,^�@|�L? E�f� ��|� |�i i^�@|�L? Lu 4it��?} E22� @?_ |�i i^�@|�L?t Lu t�@Tih t�hu@Ui

E�b� UL?t�_ihi_ t�4�*|@?iL�t*) i?@M*i |L _i|ih4�?i |�i *�4�|�?} *�?i ur L? |�i t�@Tih |LL|�

t�hu@Ui Pr E�}� ��S��� |�@| ��** Mi �ti_ uLh |�i _i|ih4�?@|�L? Lu _�4i?t�L?t Lu |�i u@Ui }i@h

uhii Lu �?_ihU�||�?}� w�?i ur UL?|@�?t hi}�*@h TL�?|t Lu t�hu@Ui Prc M�| }i?ih@|it t�?}�*@h

TL�?|t L? t�hu@Ui P2� 6�}� ��S�2 t�L�t *�?i Lu t�?}�*@h TL�?|t L? |�i u@Ui }i@h |LL|� t�hu@Uic

}i?ih@|i_ M) *�?i ur� #@t�i_ TLh|�L? Lu |�i u@Ui }i@h |LL|� t�hu@Ui 4�t| Mi i*�4�?@|i_ �?

Lh_ih |L @�L�_ �?_ihU�||�?} E�}� ��S�2�� W? |�i U@ti Lu @ u@Ui }i@h _h��i ��|� �?|ihtiU|i_ @ itc

_�i |L |�i t)44i|h) Lu |�L t�_it Lu u@Ui }i@h |LL|� t�hu@Uitc �| �t t��U�i?| |L _i|ih4�?i @

*�4�|�?} *�?i ur uLh L?i Lu |�L t�_it Lu |�i t�@Tih |LL|� t�hu@Uit�

�SNASA/CR      2000-209909



t�@Tih �t @ Uh�|�U@* TL�?| Lu �?_ihU�||�?}� A�i t�@Tih T@h@4i|ih w&r |�@| ULhhitTL?_t |L |�i

@__i?_�4 Lu |�i t�@Tih �t _i|ih4�?i_ M) i^�@|�L?

wW&r '

t
o2@r � o2Kr
oKr

E���

��ihi o@r @?_ oKr @hi |�i h@_�� Lu |�i @__i?_�4 @?_ |�i M@ti U)*�?_ih Lu |�i t�@Tih� A�i

ULLh_�?@|it E%W

rc +
W

r c 5
W

r� Lu TL�?| Lu �?|ihtiU|�L? Lu |�i *�4�|�?} *�?i ur ��|� |�i @__i?_�4

U)*�?_ih Lu |�i t�@Tih U@? Mi _i|ih4�?i_ M) �t�?} i^�@|�L? E��� @?_ �iU|Lh i^�@|�L? E�b�

Lu |�i t�@Tih t�hu@Ui� A�i *�4�|�?} �??ih h@_��t Lu |�i Lh|�L}L?@* u@Ui }i@h -�E�}� ����D� �t

_i|ih4�?i_ @t

-� '
t
%22 n +22 E�2�

@?_ |�i *�4�|�?} �@*�i Lu |�i t�@Tih E�}���2�2� @t

u� ' 5Wr E���

��ihi %2 @?_ +2 @hi |�i ULLh_�?@|it Lu |�i TL�?| L? |�i u@Ui }i@h |LL|� t�hu@Ui LM|@�?i_

uhL4 ULLh_�?@|it E%W

rc +
W

r c 5
W

r� M) ULLh_�?@|i |h@?tuLh4@|�L? uhL4 7r |L 72�

Wu |�i UL?_�|�L?t Lu ?L?��?_ihU�||�?} @hi LMtih�i_c |�i? |�i �**i| t�hu@Ui @?_ |�i �Lh!�?}

t�hu@Ui Lu |�i u@Ui }i@h @hi �? |@?}i?U) @?_ |�i�h *�?i Lu |@?}i?U) �t _it�}?@|i_ M) uW E�}�

����e��

��4ih�U@* i @4T*iG A�i �?T�| _@|@ �t hiThiti?|i_ �? A@M*i �

A@M*i �

W��NA #�A�

��4Mih Lu |ii|� Lu |�i t�@Tih �r ' 2f

��4Mih Lu |ii|� Lu |�i u@Ui }i@h �2 ' �ff

�hitt�hi @?}*i kJ ' 2D�

#�@4i|h@* T�|U� �_ ' �f E�*�?�

�i?|ih _�t|@?Ui . ' f E�?�

W?|ihtiU|�?} @?}*i �6 ' bf�

�.

A�i TL�?| Lu �?|ihtiU|�L? EA � Lu *�?i ur E�}� ��S��� ��|� |�i @__i?_�4 U)*�?_ih Lu |�i

NASA/CR      2000-209909



Nt�?} |�i �?T�| _@|@ @ML�ic |�i uL**L��?} @� �*�@h) _@|@ �t LM|@�?i_G

� Bi@h h@|�L 62r ' f�2

� +@_��t Lu |�i T�|U� U�hU*i Lu |�i t�@Tih oRr ' � E�?�

� +@_��t Lu |�i M@ti U�hU*i Lu |�i t�@Tih oKr ' f�bfS� E�?�

� +@_��t Lu |�i @__i?_�4 U�hU*i Lu |�i t�@Tih o@r ' ���2D E�?�

� 5�hu@Ui T@h@4i|ih Lu |�i t�@Tih @__i?_�4 wW&r ' f�.�DefH Eo@_� Etii i^�@|�L? E����

�hLUi_�hi Lu �L4T�|@|�L?tG
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Face gear tooth surfaces generated by unmodified shaper tooth surfaces are represented by
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Fig. 1.1.1   Face-gear drive with intersecting axes
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Fig. 1.1.2   Examples of torque split
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Fig. 1.1.3   Helicopter transmission with a face-gear drive
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Fig. 1.1.4   Face-gear tooth of the gear drive with intersected axes
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Fig. 1.1.5   Schematic of a face gear
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Fig. 1.2.1   Instantaneous axis of rotation OI, pitch cones with pitch angles 1 and 2,
pitch surfaces as a cylinder rp and cone of angle 
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Fig. 1.2.2   Shaper (pinion) and the face gear
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Fig. 1.3.1   Generation of face gear by a shaper
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Fig. 1.3.2   Imaginary tangency of the shaper and the pinion of the drive
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Fig. 1.3.3   Contact lines on shaper tooth surface
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Fig. 1.3.4   Localized bearing contact
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Fig. 1.3.5   Form grinding of the pinion with plunging of the grinding disk
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Fig. 1.3.6   Coordinate systems applied for generation of the pinion by plunging
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Fig. 1.3.7   Grinding worm proposed by E. W. Miller
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Fig. 1.3.8   Grinding worm proposed by F. L. Litvin et al.
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Fig. 1.3.9   Dressing of the worm
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Fig. 1.3.10   Contact lines and undercutting line of dressing shaper with Ns = 28, n = 27.5°,
Esw = 2.6799 (in); driving side
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Fig. 1.4.1   Tooth profiles of the shaper
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Fig. 1.5.1   Applied coordinate systems for generation of the face gear
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Fig. 1.6.1   Limiting line Ls on the shaper tooth surface
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Fig. 1.6.2   Line of singular points on the face-gear tooth surface
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Fig. 1.7.1   For derivation of tooth pointing
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Fig. 1.7.2   Cross section of face gear and shaper by plane II1
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Fig. 1.7.3   Cross section of face gear and shaper by plane II2
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Fig. 1.8.1   Orientation and dimensions of contact ellipse
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Fig. 1.9.1 (a), (b)   Coordinate systems applied for simulation of meshing
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Fig. 1.9.1 (c), (d)   Coordinate systems applied for simulation of meshing
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Fig. 1.9.2   Tangency of surfaces in ideal gear train
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Fig. 1.9.3   Face gear tooth: localized bearing contact
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Fig. 1.9.4   Transmission errors of face-gear drive: (a) no misalignments,
(b) E = -0.05 mm, (c)  = -0.05 º
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Fig. 2.1.1   Offset face-gear drive
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Fig. 2.1.2   Applied coordinate systems
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Fig. 2.1.3   Offset face-gear tooth (cross-sections of the working and fillet surface)
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Fig. 2.2.1   For derivation of axes of meshing
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Fig. 2.2.2   Intersection of axes of meshing by the normal to the contacting surfaces
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Fig. 2.2.3   Location and orientation of axes of meshing
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Fig. 2.3.1   Shaper tooth proportions
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Fig. 2.3.2   Intersection of shaper tooth surface and axis of meshing I-I by planes II1 and II2
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Fig. 2.3.3   Determination of angle  where pointing of the face gear occurs
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Fig. 2.4.1 (a)   Applied coordinate systems for TCA (Approach 1)
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Fig. 2.4.1 (b)   Applied coordinate systems for TCA (Approach 1)

1

93NASA/CR      2000-209909



Fig. 2.4.2   Contact path on the face-gear tooth surface: (a) no misalignment,
(b) E = 0.04 mm, (c)  = -0.05°
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Fig. 2.4.3 (a)   Applied coordinate systems for TCA (Approach 2)
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Fig. 2.4.3 (b)   Applied coordinate systems for TCA (Approach 2)
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Fig. 2.4.4   Contact path on the offset face-gear tooth surface:  (a) no misalignment,
(b) E = -0.05 mm, (c)  = -0.05°
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Fig. 3.1.1   Concentric face gears with dual counter-rotating output shafts

Gear box input, CW rotation

Idler spur gears reverse rotation
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Fig. 3.2.1   Face gear geometry showing tooth chamfering

1

View of face gear teeth looking from I.D. to O.D.

Tooth chamfer on O.D. of face gear
Tooth chamfer on I.D. of face gear
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Fig. 3.3.1   Concentric face gear configuration with single output shaft
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Fig. 3.3.2   Staggered (non-concentric) opposing face gear configuration
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